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Transition Metal Catalyzed C-C bond Formation and Sulfoxidation 
Reactions and their Application in Organic Synthesis 
 
The thesis is divided into five chapters and covers three broad areas of 
chemistry. The first goal of the research is to develop new catalytic protocols that are 
efficient as well as environmental friendly. For these studies both homogeneous and 
heterogeneous catalysts are used. The second goal of the research is to study 
molecular interactions of reaction intermediates as well as the reasons for the stereo 
and enatioselectivities of chiral reactions. The final goal of the research is the 
synthesis of   active pharmaceutical ingredients by simple and efficient methods using 
easily available starting materials. For these studies, we have chosen commercially 
most important fragment coupling strategy that is based on C-N and C-C bond 
formation by using only base under metal free conditions as well as using copper 
catalysis. The thesis, which begins with an introduction (Chapter 1), followed by 4 
chapters is outlined here. 
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The aim of the research is described in chapter I. Chapter II work is focused 
on developing versatile phosphinite ligand and its palladium complex. The 
phosphinite complexes are air stable at room temperature. The catalytic potential of 
the palladium (II) complex has been explored in Heck reaction. The bulky electron-
rich palladium complex is efficient to activate the non-activated bromoarenes and 
chloroarenes at moderate temperature using easily available base and solvent. In 
chapter III, a new protocol for asymmetric Henry reaction using complex derived 
from quinolizidine alkaloid, (-)-sparteine and copper(II) chloride. The complexes 
which are used to screen are already reported, easy to prepare and easy to handle. The 
effect of anion on chirality is studied. Double catalytic activation (DCA) is used for 
the reaction. The chiral (-)-sparteine copper chloride is used to activate the 
electrophile (aldehyde) and triethylamine is used to activate the nucleophile (nitro 
methane). The products, 1,2-nitro alcohols are obtained in good yields and good to 
excellent enantioselectivities (ee's). In chapter IV (section A), a C2-chiron, chiral 2-
nitro,2-phenyl-ethanol, was synthesized in high enantiomeric purity by asymmetric 
Henry reaction under mild reaction conditions. This was then used as a chiron to 
demonstrate simple and elegant method of “common precursor strategy” for the 
synthesis of series of stereo chemically related and biologically divergent 
pharmaceutically active drug candidates like tetramisole having a fused ring system; 
(R)-fluoxetine and it’s analogs (R)-norfluoxetine, (R)-nisoxetine, (R)-atomoxetine 
which share 1,3-amino alcohol as a common structural motif. In section B, a study of 
the effect of metal ion, mainly the first row of transition elements, in chiral selection 
is reported. The reaction selected for this study is Mukaiyama aldol reaction and the 
principal chiral ligand used for the study is the quinolizidine alkaloid, (-)-sparteine. 
The enantioselectivity is reversed by a change in the central metal ion is observed. 
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The complexes, which were used to screen, were prepared prior to the reaction. 
Potassium fluoride is used as an external additive to activate the silyl enol ethers. In 
chapter V, a new heterogeneous protocol for the selective oxidation of sulfides to 
sulfoxides using 30% aqueous hydrogen peroxide as an oxidizing agent in the 
presence of catalytic amounts of a recoverable VO(acac)2-exchanged polymeric resin 
catalyst at room temperature is described. Water or a mixture of water and methanol 
is used as the solvent for this reaction. The recyclability of the heterogeneous catalyst 
is tested and the catalyst shows consistent activity and selectivity for at least five 
cycles. The catalyst can be separated by simple filtration. 
 
CHAPTER-I 
This chapter describes the importance of catalysis in industrial processes to 
effect various organic transformations. It includes a brief introduction to 
homogeneous and heterogeneous catalysis. The chapter introduces the concepts of 
chirality, various natural and unnatural sources of chiral building blocks for the 
synthesis of biologically active molecules. The chapter also discusses the concepts of 
asymmetric synthesis and various means of achieving the enantiomerically pure 
products. Further, the role of nitrogen ligands in effecting a variety of organocatalytic 
and transition metal catalyzed organic transformations is presented. This chapter also 
describes the importance of transition metals in effecting C-C bond formation and 
sulfoxidation reactions. It also describes various types of supports and immobilization 
procedures. 
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CHAPTER-II 
Design and development of a new chelating bis(phosphinite)-based palladium(II) 
catalyst and its application to the Heck reaction 
 
This chapter deals with the preparation of a versatile phosphinite ligand and its 
palladium complex from readily available resources for the Heck coupling reaction. 
The preparation of the ligand and its palladium complex is very simple (Scheme 1). 
Moreover, unlike most of the phosphine complexes, phosphinite complexes are air 
stable at room temperature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Synthesis of dichloro{N-(2-(dicyclohexylphosphinooxy)benzyl)-3-
(dicyclohexyl phoshinooxy)pyridine-2-amine}palladium(II). 
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The catalytic potential of the palladium(II) complex has been explored in 
Heck reaction (Scheme 2). The bulky electron-rich palladium complex is efficient to 
activate the non-activated bromoarenes and chloroarenes at moderate temperature 
using easily available base and solvent. 
 
 
 
Scheme 2. Heck olefination of haloarenes 
 
CHAPTER-III 
Enantioselective nitroaldol (Henry) reaction using copper (II) complexes of         
(-)–sparteine 
 In this chapter, a new protocol for asymmetric Henry (nitro aldol) reaction using 
complex derived from quinolizidine alkaloid (-)-sparteine is described. The complexes 
which were used were already known and their structure in solid state as well as in 
solution state is already reported. They are easy to prepare, easy to handle and stable. 
The effect of anion on chirality is studied. An r.m.s. overlay of Cu, and N of X-ray 
structures of both copper(II) chloride and copper(II) acetate (-)-sparteine complexes 
showed that the conformations of (-)-sparteine ligand are nearly identical in both the 
complexes as very good r.m.s. fit is obtained, yet they have entirely different catalytic 
properties (Figure 1). 
 
 
 
 
 
X
R1
+ R2
R1
R2catalyst
DMF, ∆
 
Abstract 
 vi 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 
Double catalytic activation (DCA) is used for the reaction. The solvents and 
additives used for the reactions are cheap and easily available. The chiral sparteine 
copper chloride is used to activate the electrophile (aldehyde) and triethylamine is 
used to activate the nucleophile (nitro methane). The products, 1,2-nitro alcohols are 
obtained in good yields and good to excellent enantioselectivities (ee's).   
 
 
 
 
 
 
Scheme 3: Asymmetric Henry reaction of nitromethane with various aldehydes 
catalyzed by dichloro[(-)-sparteine-N,N’]copper(II). 
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CHAPTER IV A 
A stereo selective synthesis of tetramisole, (R)-fluoxetine, (R)-atomoxetine and 
(R)-norfluoxetine via common chiron strategy 
This chapter deals with the application of copper(II) sparteine chloride 
catalyzed Henry reaction for the synthesis of various biologically active drug 
molecules. Recently chiral 1,2-nitro alcohol and 1,2-amino alcohol moieties turned 
out to be of considerable interest of research, since this structural moiety is widely 
found in biologically active natural products and synthetic pharmaceuticals. It is a 
versatile and efficient starting material for synthesis of molecules of high biological 
importance (Scheme 4).  
 
 
 
 
 
 
 
 
 
 
 
Scheme 4: Synthesis of biologically active drug molecules from 1,2-nitro alcohol 
using a common precursor strategy. 
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The targeted chiral 1,2-nitro alcohol is synthesized by copper(II) sparteine 
chloride catalyzed Henry reaction under mild reaction conditions (Scheme 3). ). This 
is then used as a chiron to demonstrate simple and elegant method of “common 
precursor strategy” for the synthesis of series of stereochemically related and 
biologically divergent pharmaceutically active block buster drug candidates like: 
levamisole having a fused ring system; (R)-fluoxetine and it’s analogs (R)-
norfluoxetine and (R)-atomoxetine, which share 1,3-amino alcohol as a common 
structural motif. 
 
CHAPTER IV B 
A brief study of enantio reversal using asymmetric Mukaiyama reaction 
In this chapter, a study of the factors affecting the enantio selection is studied. 
The influence of solvent, additives, anions and metal ions, mainly the first row of 
transition elements are studied. The reaction selected for this study is Mukaiyama 
aldol reaction and the principal chiral ligand used for the study is the quinolizidine 
alkaloid, (-)-sparteine (Scheme 5).  
 
 
 
 
 
Scheme 5: Screening of a few factors (ligand, metal, solvent and anion) affecting the 
enantioselectivity 
The enantioselectivity is reversed by a change in the central metal ion is 
observed. The complexes, which are used for screening, are prepared prior to the 
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reaction and potassium fluoride is used as an external additive to activate the silyl 
enol ethers. The reaction proceeded through double catalytic activation (Scheme 5).  
 
 
 
 
 
 
 
 
 
 
Scheme 5. Concept of enantioselective double catalytic activation. 
 
CHAPTER V  
Selective oxidation of sulfides to sulfoxides in water using 30% hydrogen 
peroxide catalyzed with a recoverable VO(acac)2 exchanged sulfonic acid resin 
catalyst 
In this chapter immobilisation of VO(acac)2 on a highly acidic polymeric resin 
is described (Scheme 6). The result from FT-IR study has strongly indicated that the 
acetyl acetone functionality is no longer present in the immobilized catalyst.  
 
 
 
 
 
Scheme 6.  Preparation of catalyst 
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The immobilized catalyst is used for the selective oxidation of sulfides to 
sulfoxides using 30% aqueous hydrogen peroxide as an oxidizing agent at room 
temperature (Scheme 7). Water or a mixture of water and methanol is used as the 
solvent for this reaction. The recyclability of the heterogeneous catalyst is tested and 
the catalyst showed consistent activity and selectivity for at least five cycles. The 
separation of the catalyst is done by simple filtration. 
 
 
 
 
 
Scheme 7. Oxidation of sulfides by using a recoverable VO(acac)2 exchanged 
sulfonic acid resin catalyst 
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